Lisdexamfetamine dimesylate

(Vyvanse()

Classification:

Central nervous system stimulant

Pharmacology:

Lisdexamfetamine dimesylate is a pro-drug of dextroamphetamine.  After oral administration, lisdexamfetamine dimesylate is rapidly absorbed from the gastrointestinal tract and converted to dextroamphetamine, which is responsible for the drug’s activity. Amphetamines are non-catecholamine sympathomimetic amines with CNS stimulant activity. The mode of therapeutic action in Attention-Deficit/Hyperactivity Disorder (ADHD) is not known. Amphetamines are thought to block the reuptake of norepinephrine and dopamine into the presynaptic neuron and increase the release of these monoamines into the extraneuronal space. The parent drug, lisdexamfetamine, does not bind to the sites responsible for the reuptake of norepinephrine and dopamine in vitro.

Pharmacokinetics:


Absorption:
The Tmax of dextroamphetamine was approximately 3.5 hours following single-dose oral administration of lisdexamfetamine dimesylate either 30mg, 50mg, or 70mg after an 8-hour overnight fast. The Tmax of lisdexamfetamine dimesylate was approximately 1 hour.  Food does not affect the observed AUC and Cmax of dextroamphetamine in healthy adults after single-dose oral administration of 70mg of Vyvanse® capsules but prolongs Tmax by approximately 1 hour.

Distribution:
Plasma concentrations of unconverted lisdexamfetamine dimesylate are low and transient, generally becoming non-quantifiable by 8 hours after administration.

Metabolism:
Lisdexamfetamine dimesylate is converted to d-amphetamine and L-lysine, which is believed to occur by first-pass intestinal and/or hepatic metabolism. Lisdexamfetamine is not metabolized by cytochrome P450 enzymes. In vitro studies indicate minor inhibition of CYP2D6 by amphetamine and minor inhibition of CYP1A2, 2D6, and 3A4 by one or more metabolites.

Elimination:
After a radiolabeled 70mg oral dose administration, 96% of the oral dose radioactivity was recovered in the urine and only 0.3% recovered in the feces over a 120 hour period. Of the radioactivity recovered in the urine, 42% of the dose was related to amphetamine, 25% to hippuric acid, and 2% to intact lisdexamfetamine. Elimination half life is less than one hour for lisdexamfetamine and 10-13 hours for dextroamphetamine.
Indications:

Indicated for the treatment of Attention-Deficit/Hyperactivity Disorder (ADHD) in children aged 6 to 12 years, and adults over the age of 18.
Dosage:

In children 6-12 yrs and adults with ADHD who are either starting treatment for the first time or are switching from another medication, 30mg once daily in the morning is the recommended dose.  If an increase is necessary, the dosage may be adjusted in increments of 20mg/day and at approximately weekly intervals. Maximum recommended dose is 70mg/day.

Contraindications:
· Symptomatic cardiovascular disease
· History of drug abuse
· Advanced arteriosclerosis 

· Agitated states; may aggravate symptoms 

· Concomitant use of monoamine oxidase inhibitors (MAOI), or within 14 days of MAOI use

· Glaucoma 

· Hypersensitivity/idiosyncrasy to sympathomimetic amines 

· Hypertension, moderate to severe 

· Hyperthyroidism 

Precautions:

· Pregnancy Category C

· Concomitant sympathomimetic drug use
· Tourette’s syndrome and/or tics

· Long duration of use may lead to dependence 

· History of amphetamine misuse; may cause sudden death and serious cardiovascular events 

· Comorbid bipolar disorder; may precipitate a mixed/manic episode 

· Cardiovascular conditions which may be compromised by increases in blood pressure or heart rate (eg, preexisting hypertension, heart failure, recent myocardial infarction, or ventricular arrhythmia) 

· May cause EEG abnormalities, especially in those with a history of EEG abnormalities; may lower convulsive threshold 

· Preexisting psychosis, may exacerbate symptoms of behavior disturbance and thought disorder 

· Seizures, may lower convulsive threshold 

· Structural cardiac abnormalities/conditions, serious, especially in children and adolescents; sudden death has been reported with CNS stimulant treatment 

                                                                                                                                                                                   Interactions: Similar to other amphetamines
· Dextroamphetamine is a major substrate of CYP 2D6, so 2D6 inhibitors may increase effects
· The effects of adrenergic blockers, antihistamines, antihypertensives, and ethosuximide may be reduced by amphetamines.   
· The effects of TCAs, meperidine, phenobarbital and phenytoin may be increased by amphetamines.  
· MAOIs, chlorpromazine, haloperid
ol and lithium may reduce the effects of amphetamines. 
· Norepinephrine may potentiate the effects of amphetamines.
· Urinary acidifying agents may decrease blood levels of amphetamines 
· Urinary alklyating agents may increase blood levels of amphetamines

Adverse Reactions:

Occurred in at least 5% of the lisdexamfetamine dimesylate patients at a rate twice that of the placebo group: upper abdominal pain, decreased appetite, dizziness, dry mouth, irritability, insomnia, nausea, vomiting, and decreased weight.

Cost Comparison:

	Name
	Strength (mg)
	Unit Cost

	Lisdexamfetamine Dimesylate
	20, 30, 40, 50, 60, 70
	$ 3.54

	Mixed Amphetamine Salts XR
	5, 10, 15, 20, 25, 30
	$ 4.00

	Mixed Amphetamine Salts
	5, 10, 20, 30
	$ 0.22


Monitoring:

Symptomatic improvement of attention-deficit hyperactivity disorder; blood pressure, pulse, development and growth of pediatric patients; signs and symptoms of cardiac disease, psychosis or mania, seizures, tolerance, and drug dependence
Product Identification:
	Dose
	Color
	Imprint

	20 mg capsule
	ivory body/ivory cap
	NRP104 20mg

	30 mg capsule
	white body/orange cap
	NRP104 30mg

	40 mg capsule
	white body/blue green cap
	NRP104 40mg

	50 mg capsule
	white body/blue cap
	NRP104 50mg

	60 mg capsule
	aqua blue body/aqua blue cap
	NRP104 60mg

	70 mg capsule
	blue body/orange cap
	NRP104 70mg


Efficacy and Safety:

Three pivotal clinical studies have assessed the efficacy and safety of lisdexamfetamine in the treatment of ADHD.1 The first trial was a six week, randomized double-blind, placebo- and active-controlled, 3-treatment, 3-period, crossover study.2  To be included in the study, subjects had to be treated with a stimulant for at least one month in the previous six months with adequate response. After screening, there was a three week open label dose titration phase to optimal dose with MAS-XR starting with 10 mg daily for the first week. Fifty-two children aged 6-12 years with ADHD received daily morning doses of lisdexamfetamine, mixed amphetamine salts XR (MAS-XR) and placebo, each for one week.

	Subjects
	Medication groups

	N=10
	MAS-XR 10 mg
	Lisdexamfetamine 30 mg
	Placebo

	N=17
	MAS-XR 20 mg
	Lisdexamfetamine 50 mg
	Placebo

	N=25
	MAS-XR 30 mg
	Lisdexamfetamine 70 mg
	Placebo


The mean SKAMP Deportment Rating Scale was 0.8 for all active treatments vs. 1.7 for placebo (p<0.0001). On the CGI scale, 74%, 72% and 18% of subjects in the lisdexamfetamine, MAS-XR and placebo groups, respectively, were rated as “very much improved” or “much improved.”  Adverse events occurring in ≥ 2% of patients after randomization are listed in the table below.
	Adverse Event
	Lisdexamfetamine (N=50)
	MAS-XR (N=50)
	Placebo (N=52)

	Any event
	8 (16%)
	9 (18%)
	8 (15%)

	Upper abdominal pain
	0 (0%)
	2 (4%)
	1 (2%)

	URI
	1 (2%)
	1 (2%)
	0 (0%)

	Decreased appetite
	3 (6%)
	2 (4%)
	0 (0%)

	Insomnia
	4 (8%)
	1 (2%)
	1 (2%)

	Vomiting 
	0 (0%)
	1 (2%)
	2 (4%)

	Anorexia
	2 (4%)
	0 (0%)
	0 (0%)


Diastolic blood pressure was 5 and 3 mmHg higher in those treated with lisdexamfetamine and MAS-XR, respectively, than placebo from 2.5-5 hours post morning dose.  Heart rate was 7 and 5 bpm higher in those treated with lisdexamfetamine and MAS-XR, respectively, than placebo from 2.5 hours post morning dose. QTc interval was 6-8 and 5 msec greater in those treated with lisdexamfetamine and MAS-XR, respectively, than placebo from 2 and 10.5 hours post morning dose.  Lisdexamfetamine dimesylate and MAS-XR displayed similar efficacy, safety and tolerability in the management of ADHD.
The second trial was a multicenter, randomized, double-blind, forced dose, parallel-group study of 285 children ages 6-12 years.3  Subjects were excluded from the study if they had any comorbid psychiatric diagnosis. The study consisted of three phases: a one week patient screening, a one week washout period and four weeks of double-blind treatment. Subjects were randomized to four treatment groups, lisdexamfetamine 30 mg, 50 mg, 70 mg (Dosing initiated at 30 mg then increased by 20 mg weekly to target dose) or placebo. Total ADHD-Rating Scale-Version IV score reduction at the end point was 6.2 for the placebo-treated group vs. 21.8, 23.4 and 26.7 for the lisdexamfetamine dimesylate 30 mg, 50 mg and 70 mg groups, respectively (All lisdexamfetamine dimesylate doses p<0.0001 vs. placebo). Lisdexamfetamine dimesylate was found to have efficacy and tolerability similar to other extended-release stimulants. 
Adverse events reported by ≥ 2% of all patients:
[image: image1.emf]
The third clinical trial investigated the use of lisdexamfetamine dimesylate for the treatment of ADHD in adults.1,4  Adults aged 18 to 55 (n= 420) with a diagnosis of ADHD were studied in a 4 week, double-blind, placebo-controlled trial.  Patients were randomized to doses of 30, 50, or 70 mg.  All subjects were initiated at 30mg.  Patients randomized to the 50 mg and 70 mg treatment arms were titrated by 20 mg per week until they reached their assigned fixed dose.  Significant reduction in the ADHD Rating Scale at endpoint was seen for lisdexamfetamine compared to placebo.  Outcomes were also measured using the VyvanseTM Clinical Global Impressions-Improvement (CGI-I) scale.  In the study, 57 to 61% of patients taking lisdexamfetamine dimesylate were rated as improved across all three doses, all of which were statistically greater than placebo.  Significant improvement in ADHD symptoms occurred within one week of the once-daily treatment. 
Of safety concern is a recent publication by the poison control center regarding the unexpectedly frequent number of adverse drug reactions reported secondary to lisdexamfetamine.5  The records of 5 poison centers covering 8 states were reviewed for all human cases involving the product for the first 10 months postmarketing.  Adverse reactions occurred on initial use of lisdexamfetamine in 22 of 28 (79%) reported cases.  A total of 24 adverse drug reaction cases (86%) were reported within the first week after initiation of therapy.  Approximately half of the patients had previously used stimulant therapy before.  A majority of cases (89%) involved the drug lisdexamfetamine alone without other concomitant medications.  The rate of reported ADRs with lisdexamfetamine during the first 10 months was more than 10 times the mean rate previously reported for amphetamines.  Out of the patients examined by a health care provider, clinical effects experienced in over 20% of patients included hallucinations (20%), insomnia (20%), dystonia (47%), agitation (53%), and tachycardia (73%).     
Abuse Potential:

Limited information is available regarding the abuse potential of lisdexamfetamine dimesylate compared to other stimulants used in the treatment of ADHD.  After reviewing the available information regarding the product, the Deputy Administrator of the Drug Enforcement Administration (DEA) placed lisdexamfetamine, including salts, isomers, and salts of isomers into schedule II of the Controlled Substances Act (CSA).6  Based on the review it was determined that lisdexamfetamine (1) has a high potential for abuse, (2) has a currently accepted medical use in treatment in the US, and (3) abuse may lead to severe psychological or physical dependence.
Two small studies in humans have been conducted to assess abuse potential of lisdexamfetamine.7-8  The first study was a randomized, single-center, double-blind, active- and placebo-controlled, cross-over study in subjects with a diagnosis of stimulant abuse.7  It is important to note that since lisdexamfetamine is a prodrug and is converted into active metabolites by enzymes in the gastrointestinal tract, its actions when taken by nonoral routes would be minimal.  The study was designed to compare abuse liability of single intravenous doses of lisdexamfetamine 25 mg and 50 mg, d-amphetamine 10 mg and 20mg, with placebo.  Twelve subjects were included in 2 cohorts; cohort 1 (n=3), received single IV doses of placebo, d-amphetamine 10 mg, or lisdexamfetamine 25 mg at intervals of 48 hours or longer.  Cohort 2 (n=9), received IV placebo, d-amphetamine 20 mg, or lisdexamfetamine 50mg at a similar interval range.  Results reported for cohort 2.  For the primary outcome measure, D-amphetamine 20 mg showed significantly increased abuse-related liking effects compared to placebo (p< 0.05).  Liking effects of lisdexamfetamine 50 mg did not significantly differ from placebo.  Least squares mean drug liking effects for placebo, d-amphetamine 20 mg, and lisdexamfetamine 50 mg were 0, 5.6, and 2.1, respectively.
The second study was a randomized, double-blind, six-period crossover study of 36 healthy adults with a diagnosis of stimulant abuse.8  The trial was designed to assess the abuse potential of oral lisdexamfetamine 50, 100, and 150 mg compared to d-amphetamine 40 mg, diethylpropion 200 mg, and placebo.  Study medication was administered as a single oral dose and each dose was separated by 48 hours.  The primary outcome measure was the maximum change in the Drug Rating Questionnaire Subject (DRQS) Liking Score from baseline (pre-dose) assessed for each treatment.  The maximum subject liking response was significantly greater than placebo (0.4) for d-amphetamine 40 mg (4.9), diethylpropion 200 mg (4.4), and lisdexamfetamine 150 mg (6.5).  Lisdexamfetamine 50 mg (2.4) and 100 mg (2.6) were not statistically significantly different compared to placebo.  From this data it appears that as the dose of lisdexamfetamine is increased, the DRQS liking score increases.  At a dose of lisdexamfetamine of 150 mg the DRQS score is higher than that of d-amphetamine 40 mg and diethylpropion 200 mg; however, a dose of 150 mg is higher than the labeling maximum dose of 70 mg per day.  Patients with stimulant substance abuse, following the labeling directions is likely not a limiting factor for abuse of this product.
Some studies have found a decrease risk of substance use disorders in patients with ADHD treated with stimulants in childhood.9-10  Therefore, adequate treatment of ADHD may provide a possible protective effect on later development of substance use disorders.  Some risk factors for stimulant misuse and diversion include conduct disorder, history of substance use disorder, use of immediate-release stimulants, male gender, Caucasian race, and patients that are a member of a fraternity or sorority.  While the authors acknowledge the new stimulant formulations and their potential role in clinical practice, they recommend that patients with active substance use disorders be treated with nonstimulant medications before considering stimulant medications.  After documented recovery from substance use disorders after an adequate period of time, extended-release formulations of stimulants may be considered.  There is no listed preference for one extended-release product over another in this clinical situation.     
Conclusions:

Lisdexamfetamine dimesylate has comparable efficacy and safety to MAS-XR, however a recent postmarketing report noting a high frequency of adverse drug reactions with the product by the poison control center is concerning. The new indication of lisdexamfetamine dimesylate for adult ADHD does not provide an added benefit over MAS or MAS-XR, which may also be used in this patient population.  The studies reported included only previous responders to treatment and those without comorbid psychiatric illness, which is not representative of the institutions’ patient populations. Currently, there is limited evidence regarding decreased abuse potential with this product.  There is no clinical information to show there is additional benefit of lisdexamfetamine regarding abuse potential over other currently available long acting stimulants.  No short-acting version of lisdexamfetamine dimesylate is currently available.
Recommendations:

Addition to the formulary is not recommended.
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